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Art Unit: 1642 

RESPONSE TO ARGUMENTS 

The Amendment filed on 8/7/06 in response to the previous Non-Final Office Action (5/3/06) is 
acknowledged and has been entered. 

Claims 1-108 are pending. Claims 11, 13, 20-58, 67, 69, 75-108 have been withdrawn previously 
for non-elected invention. Claims 1-9 and 59-65 have been allowed and claims 10, 12, 14-19, 66, 68 and 
70-74 have been rejected. 

The text of those sections of Title 35, U.S.Code not included in this action can be found in 
the prior Office Action. 

Rejections Withdrawn 

1 . The objection of the specification because it contains embedded hyperlinks is withdrawn in view 
of the amendments to the specification by deleting the embedded hyperlinks. 



Response to Arguments 
Rejection under 35 USC § 103 

1. Claims 10, 12 and 14-19 remain rejected under 35 U.S.C. 103(a) as being unpatentable over 

Meschini et al., in view of Fanger et al., and Heidenthal et al., as stated below: 

Meschini et al., teach a method of measuring the expression of vimentin in Multidrug Resistant 
(MDR) neoplastic cells. Meschini et al., first teach that drug resistant cells express MDR protein, p- 
glycoprotein, (page 620, page 4 and page 621 , figure 5). Meschini et al., then, teach that the resistant cells 
display a high level of vimentin by flow cytometry analysis and immunocytochemical staining, which are 
correlated with MDR protein expression, while the drug sensitive cells express very low levels of vimentin 
(page 618, col 1, table II and page 619, figure 2). Meschini et al., further teach the expression of vimentin is 
determined by antibody to vimentin and measured by immunofluorescence emission (page 618, Table II and 
619, figure 2). Although Meschini et al., do not specifically teach that expression of vimentin is on the cell 
surface of MDR neoplastic cells, figure 2 of the immunocytochemical staining of vimentin does suggest the 
surface expression of vimentin on the MDR cells. 

Meschini et al., do not teach detecting MDR cells by modified LDL, a vimentin binding agent, linked 
to a detectable agent and detecting MDR by administering the vimentin binding agent. 

Fanger et al., teach that administering LDL or AcLDL (modified LDL) to a patient, (column 3, para 
1). Fanger et al., also teach the LDL is fluorophores-labeled or radiolabeled, which bind to the cell 
expressing LDL binding protein on the surface in vivo (column 3 para 2 and column 11 , para 1). 

Heidenthal et al., teach that modified LDL binds to vimentin (entire article). 

It would have been prima facie obvious to one of ordinary skill in the art at the time the claimed 
invention was made to detect the MDR cells in a patient by measuring the level of modified LDL 
administered and bound to the vimentin expressed on the surface of the MDR ceils in a patient. One of 
ordinary skill in the art would have been motivated with a reasonable expectation of success to combine the 
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teachings of Fanger et al., and Heidenthal et al., to Meschini et al., to detect the MDR cells by detecting the 
levels of labeled modified LDL binding on the surface of the MDR cells in a patient because Meschini et al., 
has suggested that a high level of vimentin comprising surface expressed vimentin is detected in the MDR 
cells compared to the drug sensitive cells, Fanger et al., has shown that administered labeled LDL binds to 
the cells expressing LDL binding protein and Heidenthal et al., has shown modified LDL binds to vimentin. 
One of ordinary skill in the art would have been motivated with a reasonable expectation of success to 
replace the antibody to vimentin taught by Meschini et al., with the modified LDL taught by Heidenthal et a!., 
and determine MDR cells by measuring the levels of the modified LDL on the cell surface. 

The response filed 8/7/06 has been carefully considered but is deemed not to be persuasive. 
The response states that claim 10 is directed to a method for detecting a multidrug resistant (MDR) cell in 
a patient in which cell-surface expressed vimentin is detecting by a vimentin binding agent, Meschini 
teach vimentin expressed by MDR cells, but does not teach or suggest the detection of cell-surface- 
expressed vimentin and both Fanger and Heidenthal do not teach to suggest detecting of cell-surface 
expressed vimentin. In response to this argument, first, the set of the claims, as written , are directed to 
an in vivo method for detecting a MDR in a patient by administering and detecting a labeled vimentin 
binding agent binding to vimentin expressed on the surface of the MDR cells. One skilled in the art would 
interpret that applicants are claiming a method of determining MDR in a patient through detecting a 
vimentin binding agent, not vimentin itself, while MDR cell expressing vimentin is merely a necessary and 
required factor for the agent to bind. Heidenthal et al., have shown vimentin binding agent, modified LDL, 
Fanger et al., have shown administrating labeled LDL to a patient for the purpose of detecting the cells 
that bind to, and Meschini et al., have shown that detection of vimentin in all location of MDR cells 
comprising cell surface (see figure 2), which would allow the modified LDL binding to and being detected 
together with MDR cells. Because the claim limitations are all taught by three references, it would be 
obvious for one skilled in the art to combine the teachings of all tree references to use the method to 
determine whether a patient is drug resistant in the clinic. One of ordinary skill in the art would have been 
motivated with a reasonable expectation of success to use the method in order to get a benefit of rapid 
detection of MDR during the chemotherapeutic treatment of a patient. 

Applicants then argue that Meschini et al., teach away from the claimed invention because 
detection of protein expressed only in the cell interior is explicitly taught in the reference (page 4-5). In 
response to this argument, Meschini et al., teach that MDR is associated with expression of vimentin and 
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a method of detecting vimentin. Meschini et al., do not teach that the vimentin is only located 
intracellularly, instead, Meschini et al., do show a method of detecting vimentin expressed on the surface 
of the cell. For example, on page 616, column 2, paragraph 3, Meschini et al., describe a method for 
detecting vimentin in cell suspension fixed in 2% paraformaldehyde in PBS by immunocytochemistry 
staining with an antibody. One skilled in the art clearly knows that the cell fixed in such condition is good 
for detection of membrane antigen (on the surface of the cells) by an antibody as evidenced by a 
standard protocol for immunohistochemistry (exhibit A). One skilled in the art also knows that such 
fixation is not a condition for permeabilizing cells for the detection of the intracellular antigen. Thus, one 
skilled in the art would understand and realize that the visualized vimentin in the cells fixed in such 
condition and stained by fluorescent-labeled antibody in figure 2 of Meschini would be on the surface of 
the MDR cells. Applicants again argue the teachings by Heidenthal et al., and Fanger et al., which have 
been discussed above. 

Thus, applicant's arguments have not been found persuasive, and the rejection is maintained. 



2. Claims 66, 68 and 70-74 remain rejected under 35 U.S.C. 103(a) as being unpatentable over 
Thomas et al., in view of Fanger et al., and Heidenthal et al. as stated below: 

Thomas et al., teach the vimentin expression in the cells of breast cancer samples from breast 
cancer patients (page 2701, column 1, para 1). Thomas et al., teach a method of detecting vimentin 
expression determined by antibody for vimentin labeled with fluorescence dye (Rhodamine, figure 3, page 
2701). Thomas et al., also teach that the method can be used for diagnosis of breast pathology and poor 
prognosis (page 2699, column 1, line 12-13). Although Thomas et al., do not specifically teach that 
expression of vimentin is on the cell surface of neoplastic cells, the figure 1 and 3, histological staining of 
vimentin on the breast cancer tissues do suggest that the expression of vimentin comprises the surface 
expression of the protein on the cells. 

Fanger et al., teach that administering LDL or AcLDL (modified LDL) to a patient, (column 3, para 
1). Fanger et al., also teach the LDL is fluorophores-labeled or radiolabeled, which bind to the cell 
expressing LDL binding protein on the surface in vivo (column 3 para 2 and column 1 1 , para 1). 

Heidenthal et al., teach that modified LDL binds to vimentin (entire article). 

It would have been prima facie obvious to one of ordinary skill in the art at the time the claimed 
invention was made to detect neoplastic cells in a patient by measuring detectable levels of the modified 
LDL administered to a patient and bound to vimentin expressed on the neoplastic cells from the patient. 
One of ordinary skill in the art would have been motivated with a reasonable expectation of success to 
combine the teachings of Fanger et al., and Heidenthal et al., to teaching of Thomas et al., to detect the 
neoplastic cell by detecting the modified LDL bound to the surface expressed vimentin on the cells because 
Thomas et al., have shown that vimentin is expressed in the neoplastic cell and the figures disclosed by the 
reference has suggested the expression of vimentin is detected on the surface of the cells, and because 
Fanger et al., have shown that administered labeled LDL binds to the cells expressing LDL binding protein 
and Heidenthal et al., has shown that binding of modified LDL to vimentin. 
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The response filed 8/7/06 has been carefully considered but is deemed not to be persuasive. 
Applicants argue that Thomas et al., teach detection of vimentin in intermediate filaments, which exist 
within cells and cite a book (Molecular Biology of the Cell) by Albers et al., to support intermediate 
filaments located within cells (page 6-7). In response to this argument, Thomas et al., teach that vimentin 
as an intermediate filament protein is expressed in the progressive breast cancer. Thomas et al., do not 
specifically teach that the detectable vimentin in the breast cancer tissue is within the cells, instead, in 
figure 3, Thomas et al., clearly shows that the vimentin is located on the cell surface. Although, as an 
intermediate filament protein, vimentin play a role for connecting nuclei and cell membrane, many 
evidences have been shown by one skilled in the art that vimentin is detectable on the cell surface, 
especially, on the abnormally growing or grown cells under the stress condition as evidenced by Mosan et 
al., who teach that detectable surface vimentin on the human neutrophil (J of leuk Bio, vol 79, page 1-10, 
exhibit B). The Applicants again argue the references by Fanger et al., and Heidenthal et al., for the 
same reasons, which have been discussed above. Thus, applicant's argument has not been found 
persuasive, and the rejection is maintained. 
Conclusion: 

Claims 10, 12 and 14-19 66, 68 and 70-74 remain rejected. Claims 1-9 and 59-65 have been 

allowed. 

Meschini et al., (Int, J. Cancer, Vol 87, page 615-628, 2000) teach that MDR cells express 
vimentin and show a method of staining vimentin in the cells. Meschini et al., do not teach or suggest a 
method of detecting MDR by measuring cell surface-expressed vimentin. 

THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant is reminded of the extension 
of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE MONTHS from 
the mailing date of this action. In the event a first reply is filed within TWO MONTHS of the mailing date 
of this final action and the advisory action is not mailed until after the end of the THREE-MONTH 
shortened statutory period, then the shortened statutory period will expire on the date the advisory action 
is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
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the advisory action. In no event, however, will the statutory period for reply expire later than SIX 
MONTHS from the date of this final action. 



Any inquiry concerning this communication or earlier communications from the examiner should 
be directed to Lei Yao, Ph.D. whose telephone number is 571-272-31 12. The examiner can normally be 
reached on 8am-6.00pm Monday-Thursday. 

Any inquiry of a general nature, matching or file papers or relating to the status of this application 
or proceeding should be directed to Kim Downing for Art Unit 1642 whose telephone number is 571-272- 
0521 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 
Jeffrey Siew can be reached on 571-272-0787. The fax phone number for the organization where this 
application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 
Information Retrieval (PAIR) system. Status information for published applications may be obtained from 
either Private PAIR or Public PAIR. Status information for unpublished applications is available through 
Private PAIR only. For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC) 
at 866-217-9197 (toll-free). 



Lei Yao, Ph.D. 
Examiner 
Art Unit 1642 
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Paraformaldehyde Fixation of Cells 
Background 



This fixation method is good for cells labeled by 
fluorochrome-conjugated antibodies to membrane 
antigens. It will stabilize the light scatter and labeling for 
up to a week in most instances, allowing you to be more 
flexible in scheduling cytometer time. Furthermore, it 
inactivates most biohazardous agents, so it is important 
from a safety standpoint as well. 

The procedure picks up at the end of the direct or indirect 
staining procedures. The cells are expected to be in 12 x 
75 mm. plastic culture tubes, one million cells per tube. 

It should not be used with the procedure to label dead 
cells . Fixed cells have a permeable membrane - the dye 
would enter all the cells. 
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Materials 

1. 2X Paraformaldehyde Stock Solution. 

• Add 2 g. paraformaldehyde to 100 ml. PBS+azide. 

• Heat to 70 degrees Celsius in a fume hood, or in a 
56 degree Celsius water bath, just until the 
paraformaldehyde goes into solution. 

• Allow to cool to room temperature, then adjust to pH 
7.4 using 0.1 M. NaOH or 0.1 M. HCI, as needed. 

• Store at 4 degrees Celsius. 

2. 0.5% Paraformaldehyde Working Solution. Add 10 

ml. of the 2% Stock Solution to 30 ml. PBS+azide. Store 
at 4 degrees Celsius. This solution is stable for up to 1 
week. 



3. Antibody-labeled cells in PBS+azide. They may 



http://www. biotech. iastate. edu/facilities/CELLHYB/Fixation. htm 
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have been labeled using either the direct or indirect 
labeling procedures. Concentration should be 1 million 
cells in 1 ml. 

Equipment 

1. pH meter. This is involved in making the 
paraformaldehyde stock solution. 

2. Balance with a resolution of at least 0.1 g. Again, 
this is to make the paraformaldehyde stock solution. 

3. One liter graduated cylinder or volumetric flask. 
Ditto. 

4. Centrifuge. You should know how the RPM 
translates into G-force. 

5. Pipette in the range of 500 to 1000 microliters (0.5- 
1.0 ml.). 

6. Vortex mixer. You could mix by tapping or shaking 
the tubes, but a mixer will give much more 
reproducible results in most cases. 

7. Refrigerator. To store the preserved cells. 

Procedure 

1. Following the last wash step, centrifuge the cells and 
remove the liquid, as described in the direct or 
indirect antibody labeling procedure. 

2. Add 0.5 to 1.0 ml. of cold 0.5% paraformaldehyde 
solution. Vortex immediately. 

3. Store the cell suspension at 4 degrees Celsius in the 
dark. 

Analyze the cells on the flow cytometer within one week. 
Protocol adapted from University of Florida Flow Cytometry Core 



instrumentation j Services j Policies j Protocols j Forms 
Us | Useful Links j On-line Calendar 



Contact 



http://www. biotech. iastate. edu/facilities/CELLHYB/Fixation. htm 



10/21/2006 



Uncorrected Version. Published on December 19, 2005 as DOI:10.1189/jlb.0405190 



Ceil surface expression of intermediate filament proteins vimentin 
and lamin B 1 in human neutrophil spontaneous apoptosis 



Eliane Moisan and Denis Girard 1 

fNRS-lnstilut Arm and- trappier, University du Quebec, Canada 



Abstract: Neutrophils represent an important 
source of autoantigens for uuti neutrophil cytoplas- 
mic antibody associated with vasculitis. To date, 
two cytoskeletal proteins* vmeulin and vimentin, 
have been reported to be expressed on the cell 
surface* of activated macrophages, platelets, and 
apoptotic T lymphocytes. However, such cell sur- 
face expression has never been studied in human 
neutrophils. As we recently demonstrated that dif- 
ferent cytoskeletal proteins were cleaved in apo- 
ptotic neutrophils, we hypothesized that some of 
these were expressed on the cell surface of apopto- 
tic neutrophils. Herein, we found that among vin- 
eulin, paxillin, gel sol in, vimentin, lamin B 2 , a-tu- 
bului, and p~ tubulin, ofdy the two intermediate 
filament (INFIL) proteins, vimentin and lamin B l9 
are expressed on the cell surface of 24-h aged 
neutrophils [spontaneous apoptosis (SA)], By mon- 
itoring intracellular expression of vimentin and 
lamin B A during SA, we found that these two pro- 
teins were cleaved and that such cleavage was re- 
versed by the pan caspase inhibitor N-be?r/>yloxy- 
carbonyl-V-A*D-0-methylfluoromethyl ketone (z- 
VAD-fmk). When neutrophil apoptosis was delayed 
or suppressed by lipo poly saccharide or the cyto- 
kines gramilocyte-eolony stimulating factor (G- 
CSF), granulocyte macrophage (GM)-CSF, or in- 
terleukin-i, the loss of intracellular expression of 
vimentin and lamin B T was prevented. The INFIL 
proteins were absent from the cell surface when 
neutrophil apoptosis was delayed. Addition of z- 
VAD-fmk significantly decreased the cell surface 
expression of vimentin and lamin B x during SA. 
This study provides the fsrst evidence that apopto- 
tic neutrophils express cytoskeletal proteins on 
their surface, opening the possibility that these cells 
may participate in the development of autoantibodies 
directed against cytoskeletal proteins, a condition 
frequently reported in several inflammatory 
diseases. J. Leukoc. Biol. 79: 000-000; 2006. 

Key Words: cytoslcekton ■ microfilaments - microtubules ■ caspases 
• flow cytometry 



require rearrangement of the cytoskeleton, including ohemo- 
taxis. phagocytosis- degranulation, and apoptosis |T|. 'ITie cy- 
toskeleton may be involved in many autoimmune disorders, as 
arilieytoskdelal autoantibodies can be found in patients suf- 
fering from various rheumatic diseases |2-5]. However, the 
origin of these autoantilxidies is still unclear. It was recently 
found that vinculin. a microfilament-associated protein 
(MFAF), was expressed on the surface of apoptotic T lympho- 
cytes [6\. The intermediate filament (INFIL) protein vimentin 
was found on the surface of activated platelets, where it was 
bound to vitronectin and plasminogen activator inhibitor com- 
plexes [7'j. Recently, Bollard et al. |8| showed that secreted 
human group IIA phospholipase A 2 (PLA 2 ) binds to vimentin 
on the cell surface of apoptotic T lymphocytes. The interaction 
between these two proteins enhanced the activity of PLA 2 . 
suggesting that vimentin may play a role in PI.A 2 -medi«ted 
cellular sirachidonio acid release. Mnr-Yakrtin el. al. \9] dem- 
onstrated that stimulation of human macrophages activated 
phosphorylation of vimentin, leading to its expression on the 
cell surface and its secretion into the extracellular milieu. 
Furthermore, they showed that extracellular vimentin played a 
role during inflammation, as it acted as a protein involved in 
killing bacteria and in oxidative metabolite production; this 
activity was enhanced by proinflammatory cytokines [91. In 
addition, a population of endothelial cells was found to express 
vimentin on the cell surface and to secrete into bloodstream 
1 1.01. Knowing that some cytoskeletal proteins are implicated in 
inflammatory functions, these observations can additionaily 
explain, in part, the presence of antieytoskeletal. autoantibodies 
found in many autoimmune diseases. 

Apoptotic cells are an important source of autoantigens j 1 11. 
Two studies have demonstrated that injection of apoptotic cells 
into normal mice resulted in production of various autoanti- 
bodies \\2, I3J, including antivimentin autoantibodies 
Aside from erythrocytes and platelets, neutrophils are the 
predominant cells in the circulation, and because of this, in 
addition to the fact thai these cells ate known to undergo 
apoptosis spontaneously [14, 15]. they represent an important 
source of cytoskeletal autoantigens. Recently, we have demon- 
strated that certain cytoskeletal proteins, including vimentin. 
are cleaved during spontaneous or agent-induced human neu - 
trophil apoptosis |'16-I91. 'Therefore, we hypothesized that 
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degradation of cytoskeletal proteins in neutrophils could lead 
* to their cell surface expression. 

In the present study, we investigated potential cell surface 
expression of different cytoskeletal proteins on the surface of 
apoptotic human neutrophils using How cytometry. In parallels 
we studied the intracellular expression of cytoskeletal proteins. 
Our results indicate that the two INFIL proteins vimeutin and 
lamin B h hut not the MFAP paxillin, gelsolin, and vincuiin nor 
the microtubule proteins ex- and (3-tuhuiiru are expressed on 
the cell surface of human apoptotic neutrophils. 

MATERIALS AND METHODS 
Chernicals ; agonists, and antibodies 

8 PM I lf»40. HEPKS, pcnu:iliin/sircp:o»iyci" !.rYS), bovine s< :vo;;; albumin 
(BSA), Vurum ttlhum agglutinin- 1 (VAA-I)» eyeioheximide t'CHX). lipopoly- 
^aeehaside (LPS), mouse monoclonal miuvincuhn antibody (clone hVlN-1), 
mouse monoclonal antinaxiilin antibody (clone PXC-10). mouse monoclonal 
anu^clsnlin antibody (clone moose monoclonal anti-ft -tubulin (done 

8-:Vl-2). mouse monoclonal jinti-fi-iolmlin (clone 2-28-33), arid polyclonal 
«oat ant i •human vimontin (clone V463tft were purchased from Sigma -A hi rich 
Chemical iUt. (St. Louis, MO). Mouse moooclomd antiviiwritin (clone 
rabbit {wlyclonal anlivimcntin (clone Ho4}, and final polyclonal antilamin B, 
lC-20) auldiodios wt.ro purchased from Santa Cruz Bioloohnoli.'gy (CA). Vi- 
mcntin antibody (clone 3B4) was ohUiincd from Chcrnioon (Temceula. CA). 
Horseradish peroxidase iHRP)-<MHiju|sutt*d antibodies, nhyeocrythrin (PE)-con* 
justed AffuuPure F(ah') a fragments. }ioat anti-mouse immunoglobulin (7 (Igl*; 
Fu!f') 2 fragment-specific and PE-conjugated AffiniPure l v (ab') 2 fragments, and 
donkey arili-gnat igli (H 4 I-J won: pwehascd from Jackson Irfirmimircsearch 
(West Grove, PA). Isotypic antib:>die- Ms l^G; and Ms l^G^. wen.' obtained 
bom F'hiirMingcn (Mi.-.sissauga, Ontario, Canada), mid rabbit luii and goat IgG 
writ: from R&D Systems (Hornby. Ontario, Canada). .N-lM:rizylo\v-c.yrbony|-V- 
A-D-O-methylSuoromethyl ketone (z-VAD-fmk) purchased from Calbio- 
chem (Pasadena. CA). (»ranulocyle-eohmy stimulating factor ((t-CSF). granu- 
locyte-macrophage (GM)-CSF. and inteiicukin-4 (IL-4) were purchased from 
PrpniTt:rh hu:. (RiM-ky Hill, NJ). 

Human neutrophils isolation 

Neutrophils won: isolated from the ven-.'Us blood of healthy volunteers iry 
tUxir.v.i sedimentation followed by fniirifugation over Fiooll-Paipic (Amor- 
sham Pharmacia Bictech In-.:., Baic d'Urfc, Quebec, Canada), as described 
previously [16, 18], BIihhI ikuwtiiuw were obtained from informed ami con- 
senting individuals according to our institutionally approved procedures. Cell 
viability J>9*V&) iva:i monitored by trypan blue exclusion, and the purity 
{>9H%) was verified by cytology boos eytocenlrifuged preparations colored 
with the Mema ;> .stain set (Biochemical Sciences Inc., Swedesbc.ro, NJ). 

Assessment of neutrophil apoptosis 

Fnsshly isolated human neutrophils (10 X lit cells/mL in RPMI 1640-HEPES- 
P/S. supplemented with IfWfc autologous serum) were incubated for 24 h in the 
presence or absence of neutrophil alienists. Cytocentrift:g(;d samples of neu- 
iniptnls wen: |;n:pare»l uhing a Cyto-iek* centrifuge (Miles Scientific, Naper- 
vilie, lb) and proj:esst:fl ;js dor;una iitrfl prrviously [16, J.o. 20j. (Jf:lls were 
examined iiy lijilit microscopy at <HX»X final magnification, and apoptotic 
neutrophil;> wcr?; defined as cells eoiMaining one. or more characteristic, darkly 
<tdne«'l pyknotie nuclei. 

Apopta<!.« was rd«o asftf.-sscd by now cytometry following staining with 
tluoreeein isolhiocyaiiate (FITC)-anne.x'n-V, as described previously 1.19.21 J. 
Briefly, ceils were washed in phosphate buffered saline (PBS) and resuipended 
in 100 jjLl I X binding buffer (10 »»M HKPF.S'NaOH, pH 7.2. !4() rnM NaCt. 
and 2.5 mM CaCl 2 ), mixed widi 2 ixl FITC -conjuj-aied anncxin-V (Biuuiuruc, 
Mo;it.rt':at. CuiukIh). Cells were gently vortcx<:d «n<l incul)an:d for mm at 4 & C 
in the dark. A volume of 4(10 jxl binding buffer was added, and incubation was 
continued for an additional 15 min in the dark before fluorescein -activated 



eel! sorter analysis (10.000 events) using u FACSean (Breton Dickinson. 
San Jose, CA). 

Celt surface expression of cytoskeletal proteins 
by flow cytometry 

Neuir^.hils (10X10* cells/mL «PMI-HEPES P/S) were incuj>ated as ;u°C. 
5% C0 2 , in the pnisenet: or nbscnrr of die indical^i nrijj.ro: ihil a^ooi^rs for 
24 h. Cells were harvested in cold PBS and )d:x;ked v/ith PBS e<mtai:iing 20% 
iiutohigtms seium for 30 min on ice. Cells wen: washed in PBS and incubated 
for 30 min on ice with 2 |A#'ml mouse monoclonal antieytoskeletal andhe<Uis 
(antipaAjlIiu, unli^itlsoHn, imtmaeulin, ariu-a-tubulin, anli-p-tulmlio, anti- 
lamin B), or the foiir antivimeuliri antibodies). Appropriate isotypic eorstrot 
antii)odies wen: used to compare w f ith the proteins of interest. Ceils were 
washed in PBS and incubated for HO min on ier wilh FiTO-oonji*|;aied jyval 
anti-mouse, FiTC-conjugatcd rsbbit »mti-i;iwt. or Fl TC-eomucaied j;oa: anti- 
ntljbif. ant.il todies. CvW smfaei: expiession wan analyzed issinji a KACScan. 
Ke^ulto Jire expressed as a Gin^a/i fluorescence obtained by suhlracting the 
C/Mei-ii value of the isotypic control from the (-Meaii value obtained with the 
antirytoskcletat antilwaly dhvecrd against tin- f-'otein of interest, as the Cmcaii 
of the isorypie control vtu-ied between the fresh and apoptotic eonditi<in:«. In 
other experiments, dual labeling was pcrftn-med using FITC-anm.xin-V and 
anlivimcntin (V9) or antilamin B|, followed by their correspondini; PE-eonju- 
gatctl antibodies described above. 

In some experiments, ;js apoptntie cells lost CO 16 expression, wv. wirteii 
th«: i m from nonnal apoptotic ncutn>)>hil:: hy negative imiuunnmafmelic srlei:ti«..<n 
usin» auti-biijoan CO J.6-f:oated m.iijinrtie beads (Millcnyi Bailee, Borf;isr.h 
(rhflhach, (yennany) as we have published previou.-ly |'22j. 

Degradation of cytoskeletal proteins 

Neutrophils (iOXJO* eclls/ml.) wen: incubated in tiu: prt:sence (» «l>se;;e<: of 
agonists for the indicated periods of time, and the expression of cytoskeh'tal 
proteins was pevftirmed by Western hiot as publisUed previously [16, IKj. 
Briefly, cells wore harvested for the prcjm ration of cell lysales in 2X Laernmli's 
aumple buffer. Aiiquob; coi-resitondin^ to 250,000 cells were loaded onto 10% 
sodium dodoeyl sulfate-polviicrylarnide $y\ eiectn»phort:sis and transferred 
from gel to polyvinylidene diiiuoride membranes. Nonspecific sile< were 
lilucked with 1-5% nonfat dry milk or BSA (vincuiin and himm V^) in 
Tri-liuffttwil salino-Twn (25 mM Tris-HCI. pH 7.8, 190 mM NaCl. 0.15% 
Twceli-20) for I h at nuim temperature. Miaiibrane:: wort: washed and incu- 
bated with anti-human oyluskeletaJ y)Ui!)odies [moose numneliwial autivirnen- 
tin (1:2000 for elones H84, V4630, and V9 v.x 1:200 for i:ione 3B4>; gcat 
polyclonal antilamin (1:500); «r mouse rnonoelomd antivintadin (1:150)] 
overnight at 4 a (-. After several washes, membranes wen" incubated with 
MRP-labeled goat anti-mouse IgC or raSiSnl anti-goat antibodies (1:20,000 for 
vimcntin and larnin B,; 1:50,000 for virmoJio) for 1 h at mom Irrnperature i = = 
bx.-sii bl'.s:king solution. Bands were revealed with the ..nhanecd chemilumines- 
i:euoe- Western blnlling detection system (Amc-rsliam Phavmat:ia Biotech Ira:.). 

Statistics 

Statistical analysis was penormed with SigmaStat for Windows Version 2.0B 
with a one-way ANOVA. Stat.ist.ieai significance was established at P < 0.05. 

RESULTS 

Intermediate filaments are expressed on the 
surface of apoptotic neutrophils 

Knowing that sonic immune cells express cytoskeletal proteins 
on their ceil surface |6-I0|. we investigated the possibility ih.-it 
apoptotic neutrophils express some cytoskeletal proteins on 
their cell surface. As illustrated (Fia. l.A) among the different 
cytoskeletal proteins tested, the three MFAP paxillin. gelsolin, 
ami vincuiin, as well as the two major components of micro- 
tubules, a-tubulin and ^-tubulin, were not expressed on the 
cell surface of freshly isolated neutrophils or in spontaneous 
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Fig. 1. Oil surface expression of 
vhr.entm (Vim) and lamin B, (Lam 
B]) on apoptoiie neutrophils. Freshly 
isolated human neutrophils (10X10* 
eetls/ml) wore aged for 24 Si or not 
(Fresh), and cell surfacr expression 
(if the irytoskoletal proteins (A) waa 
a&rcf&ed by flow cytof»<3ry using iho 
uojTCrrjxmdin}* isotypic control anti- 
htidy (dark eylograph) iis de*erilied 
in Materials and Methods. Result* 
are from one irprirsrnisiiiw exjieri- 
wwit of at least five. Arrows indicate 
eell surface expression {white aroaf. 
Pax. PaxtUin; (*d, j;elsoiin: Viiu;, 
vinoulin; tt-Tuh. u-iultulin: (3-Tul>, 
p-tiihtilifi. Tiic apoptotie nib: (B) was. 
ass-:\ss»"d hy cytology as. desorilw'd in 
Material:; and Methods. (C) A com- 
f f 



piboior? of rise Uoi.-aos ("wa.i±SKM 
n^-^) obtained for the ceil >urfaei: 

expression of vimentin (u*in K l!:-.- V9 elone) and ianjju F3, ir« fresh and 24-h a»ed ueulrophiis. *, P < O.Ofi, hy ANOVA. ND, Not determined 



apoptosis (SA). In contrast, we found that the two INFIL 
vimentin and lamin B, proteins were expressed on the cell 
surface of apoptotic neutrophils. As expected j 16, 18, 20], the 
percentage of neutrophils undergoing SA ranged between 35% 
and 45% (Fig. IB). Ceil surface expression of vimentin and 
lamin B { on apoptotic cells w;is reproducible (Fig. 1G). 

The tail domain of vimentin is recognized on the 
surface of apoptotic neutrophils 

Vimentin is composed of three domains: the amino-terminal do* 
main (head domain), the central core (rod domain), and the 
carbfixy-tciminal domain (tail domain). This is illustrated in Fig- 
ure 2A. Several antivimentin antibodies are known to target 
specific parts of the protein [8. 23]. Taking advantage of the 
availability of antivimentin antibodies directed against the differ- 
ent domains, we next investigated which domain of the molecule 
was delected on apoptotic neutrophils, using four different anti- 
bodies. Using three antivimentin antibodies, H84. 3B4. and V9, 
which are directed against the head, rod, and tail domains of the 
molecule, respectively, and V4630, an antibody directed 
against n region overlapping between the rod and tail domains, 
we found that only V9 stained vimentin on the cell surface of 
apoptotic neutrophils, as assessed by Row cytometry (Fig. 2B). 



Dual labeling of vimentin and lamin B, on the cell 
surface of human neutrophils undergoing SA 

To further support that apoptotic neutrophils express interme- 
diate filament proteins on the ceil surface, dual labeling was 
performed using FITC-annexiu-V and antivimentin (V9: Fig. 
3B) or antilarnin B- (Fig. 3D), followed by their corresponding 
PE-conjugated antibodies. As illustrated in Figure 3. apoptotic 
cells, which are annexin-V-positive, express vimentin (Fig. 3B) 
and lamin Bj (Fig. 3D, upper/right quadrants). The basic levels 
of fluorescence are also illustrated in Figure 3, A and C. for 
corresponding isotypic controls. Apoptotic cells are illustrated 
in the upper/ right quadrants (FITC-annexin-V and eytoskeletal 
antigen-positive cells). To support that apoptotic neutrophils 
express intermediate filament proteins on their surface, we 
sorted apoptotic cells by negative immunomngnetie selection 
using anti-human CD16-ooated magnetic beads, based on the 
fact that apoptotic neutrophils lose CD1.6 cell surface expres- 
sion 124], and we stained them with the antilarnin B, nnihody. 
As illustrated in the inset of Figure 3. CD16- neutrophils 
express a high level of lamin B i when compared with CD16 + 
cells. 



MoUan and Cimrd Expression of vimentin ami lamin f\ x on flpoptolic neutrophil*; 3 




Fig. 2. Cell surface expression of viraentin is only detected with an antibody directed against the tail domain. The specificity of the different antivimentin 
imi!hixii<:.s is.strd in tiii* ahjrfy is unhealed on riu: illustrated Htnu:Uin: of vinumtin (A). (B) Freshly isolated n<:imi>phiJ>- (lOXIO 6 itclls/mt) wwo aj»od fur 24 h (SA) 
or not (Firoh), and surface expression of vimentin was assessed as described in Materials and Method. Note that staining was observed only with ihv. V9 dime 
antivisaentin antibody directed againr,! the tail domain of the molecule (arrow). Results are from one representative experiment out of at least five. 



Degradation of vimentin in apoptotic neutrophils 

As only the V9 antivimentin antibody among the four that were 
tested detected vimentin on the cell surface of apoptotic neu- 
trophils, we then investigated the intracellular degradation 
pattern of vimentin obtained with V9 antibody in comparison 
with the three other antivinieiilin antibodies. We previously 
demonstrated that the plant lectin VAA-i was a potent inducer 
of neutrophil apoptosis, which induced degradation of vimentin 
via caspases |16, 18]. We therefore studied the degradation of 
vimentin in SA and in VAA-I-induced apoptosis in parallel. As 
illustrated in Figure 4, ali antibodies recognized the native 
form of vimentin. as well as different fragments known to 
appear over time when cells undergo apoptosis |19]. The 
fragments are not related to the sizes of head, rod, or tail 
fragments of vimentin. It is interesting that addition of the pan 
easpase inhibitor z-VAD-fmk reversed such degradation, 
whether or not neutrophils underwent SA or if apoptosis were 
accelerated by VAA-I, It is clear thai the easpase inhibitor 
partially inhibits the cleavage, suggesting that proteases other 
than caspases are involved. As others \9\ we observed some 
fragments of vimentin in fresh cells, suggesting that proteolysis 
occurred during cell isolation. 

Role of caspases in the cell surface expression 
of vimentin and lamin B 1 

As degradation of vimentin occurred during SA. addition of 
easpase inhibitors was previously found to inhibit SA |16, 



1.81, and degradation of this INF1L protein occurred in 
human neutrophils, we next investigated the potential role(s) 
of caspases in the cell surface expression of vimentin and 
lamin B ls another fNFIL protein. As illustrated in Figure 5. 
addition of the pan-caspase inhibitor z-VAD-frnk signifi- 
cantly decreased the cell surface expression of both pro- 
teins. The apoptotic rate (means ±Si;M, u-3) diminished 
from 56.3 ± 2.7% to 30.3 ± 9% when z-VAD-fmk was 
added. 

Cell surface expression of vimentin and iamin B, 
when neutrophil apoptosis is delayed 
or suppressed 

To further associate cell surface expression of vimentin and 
lamin B, with a signal that induced or accelerated neutrophil 
apoptosis, we decided to investigate intracellular degradation 
and cell surface expression of these two proteins when apopto- 
sis was delayed or suppressed by different neutrophil agonists. 
As illustrated in Figure 6, cell surface expression of vimentin 
and lamin B, was only observed in SA and not (or rarely, barely 
detectable) when apoptosis was delayed by G-CSG. (JM-CSF. 
LPS, or IL-4. The apoptotic rate was monitored by cytology 
and/or flow cytometry after staining with FITC-annexin V and 
was <45% for SA when the antiapoptoiio agents were added to 
the culture. 
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Fig. 3. Dual labeling of vimentin and lamin B s on the celt surface »f 
human neutrophils undergoing SA. Freshly isolated human neutro- 
phils (Fresh) were a^otl for 22-24 fi {SA}, and <iii;d labeling vtjis 
performed U;H«£ FTTGanncxin -V ami anti vimentin (V9: B) or anii- 
lamin B } (Pi, followed by their <nm»«; Minding PE-eunju^aicd uuu!mhI- 
ies, described aUw as in Materials and Method*. The corresponding 
basic level of fluorescence (isotypic controls) is illustrated (B. for 
Wmcntin; I.). for lamin B|). Numbers in ijuadranta are die percent of 
ceils from lh< total population. Apoptirfic cells are illustrated in the 
upper/right quadrant.** (KrTO-amiojiiri .sod anriiwwly-pusitive cells). (In- 
set) Apoptoti*' cells were sorted hy negative immunonuumetie sclectitm 
using Mnii-hmmin CD.16-e.eji ted magnetic beads as dcscriiied in Ma- 
terials and Method*. Cell surface expression oHamin B, was measured 
by Sow cytometry, and the results are expressed as Cmean of fluores- 
cence (numbers in brackets). Results arc from one representative 
exj>eriment out of three. 
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Intracellular expression of vimentin and lamin B, 
proteins during neutrophil apoptosis 

Next, we decided to study the expression of vimentin and lamin 
B; when neutrophil apoptosis was delayed, as compared with 
SA, and to verify the role of oaspases in the intracellular 
expression of these two proteins. As illustrated in Figure 7, 
expression of the native forms of vimentin and lamin Bj was 
down -regulated drastically in SA when compared with delayed 
;i|>optosis. As expected [ J8|, expression of the MFAP vineulin 
remained relatively stable in the presence or absence (SA) of 
the antiapoptotic molecules. Knowing that degradation of vi- 
mentin occurs by a caspase-dc pendent mechanism in neutro- 
phils | .18|, we investigated the role of caspases iti the degra- 
dation of lamin B ir in parallel with vimentin in SA and in 
VAA-l-induced apoptosis. As illustrated it) Figure 7, addition 
of the pan-easpase inhibitor (z-VAD) reversed the cleavage of 
vimentin and lamin R; in SA and in V AA-I-indueed apoptosis. 
The level of expression of vimentin and lamin B 1 in the 
presence of z- VAT) in SA or in VAA-induoed apoptosis was 
similar. However, the levels of vimentin and lamin 1$! were, 
under all conditions, weaker than the basal levels observed in 
fresh cells, suggesting that G-CSF, GM-CSF, LPS, and IL-4 did 
not induce de novo protein synthesis of these proteins but 
rather prevented their loss of expression. To investigate the 
potential role of general protein synthesis in the process, we 
next performed experiments with CHX. As illustrated in Fig- 
ure 8, addition of CHX to the culture during SA or when cells 



were incubated with the antiapoptotic agents G-CSF, GM-CSF. 
LPS. or IL-4 was found to reduce the levels of expression of 
vimentin and lamin B A , suggesting that protein synthesis is 
involved in the prevention of degradation of vimentin and 
lamin Bj. 

DISCUSSION 

This is the first study demonstrating that human neutrophils 
can express eyioskeletal proteins on their cell surface. It is 
interesting that among the seven different proteins we tested, 
namely, paxilHn, gelsolin. vineulin, a-tubulin, p-tuhuliu, vi- 
mentin, and lamin B,, only the two INFIL proteins, vimentin 
and lamin B A , are expressed on the cell surface, suggesting that 
this is a specific mechanism. Moreover, these proteins are- 
expressed when neutrophils are in apoptosis. 

As demonstrated in the present study, vineulin is not ex- 
pressed on the surface of apoptoiio neutrophils. This is in 
agreement with our previous work, indicating that vineulin is 
not cleaved during induction of neutrophil apoptosis by VAA-I 
f 18], tributyltin [171, or methylmercury [19]. However. Melen- 
dez et al. [23] have shown that vineulin expression was de- 
creased (a decrease of 33%) during related adhesion focal 
tyrosine kinase/pyk2-induced apoptosis in cardiomyocytes. In 
contrast to this latter study, Harrington et al. [25] demonstrated 
that vineulin was not cleaved during epithelial cell apoptosis 
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induced by adenosine. In another study [261. expression of 
vinculin was not modulated by interferon -7 (J FN -^-induced 
apoptosis In the human oropharyngeal epidermoid carcinoma 
KB cell line. These studies concur with our results, indicating 
that vinculin remains stable, whether apoptosis is induced or 
delayed j 17— 19]. This further demonstrates thai, cytoskeletal 
proteins are not ail processed in the same way during the 
apoptotie program. Vinculin is a structural component of focal 
adhesions, and the reason why it is not cleaved during neutro- 
phil apoptosis is unclear but: may be related to the fact that 
potential, cleavage sites are protected by an unknown mecha- 
nism. Similar reasoning may also be applied to a- and 8-tu- 
bulin. as these proteins are not cleaved and are not expressed 
on the surface of apoptotie neutrophils. However, cleavage of a 
particular cytoskeletal protein does not necessarily result in its 
expression on the apoptotie cell surface: this is the case for 
paxillin and geisolin, which are cleaved by caspases [16, 181 
but are not detected on the surface of apoptotie neutrophils 
(this report). 

IN Fib are known to be cleaved into many fragments by 
caspases during apoptosis. It is not clear if cell surface expres- 
sion of vimentin mid lamin B; originates from particular frag- 
mentation products by caspases (or other proteases) or if an- 
other mechanism is involved. In various cell types, vimentin is 
cleaved by easpase-3. -6. -8, and -9 [27-30], whereas lamin B, 
has been found to be cleaved by at least easpase-3 and -6 [31. 



32]. The role of caspases in the intracellular degradation of 
vimentin and lamin B. in neutrophils is clear, as treatment: with 
the pan-easpase inhibitor (z-VAD-fmk) partially reversed their 
cleavage. However, although we demonstrated that addition of 
z-VAD-fmk reversed the cell surface expression of these two 
proteins, a direct link with caspase activity in this process is 
less evident, as addition of this inhibitor also reversed apopto- 
sis, suggesting that cell surface expression of 1NFIL is also 
diminished. What is clear is that when apoptosis is suppressed 
or delayed by G-CSF, GM-CSF, LPS, or IL-4, there are no (or 
few) INFIL proteins on the neutrophil cell surface. It is of note 
that even in the presence of the antiapoptotic agents, cleaved 
vimentin and lamin B| arc evident, and in some cases, the 
levels of these cleaved products are as high as in the SA 
samples. This would argue that the antiapoptotic agents induce 
synthesis of these proteins, but cleavage still occurs, ft is of 
interest that all of these antiapoptotic agents are known to. 
themselves, induce de novo protein synthesis in neutrophils 
[33-35]. In addition, the role of protein synthesis in delaying 
neutrophil apoptosis has been demonstrated for G-CSF and 
CM-CSF [33] and for LPS [341. This is not clear for IL-4 [35]. 
The cytokine 1L-15. like IL-4. is a CD132-dependent cytokine 
and inhibits the activity of caspase-3 and -8, resulting in a 
decreased ability to cleave vimentin [36]. Whether this occurs 
with IL-4 remains to be determined. This raises the possibility 
that G-CSF, GM-CSF, and LPS prevent the loss of vimentin 
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Fig, 5. Potential roie of caspases for ceil surface expression of vimentin and iamin B, in SA. Neutrophils (10X10 r# coils/mi) wort; incubated for 24 h in the 
prosrnee (+) or itbsenee (-} of fiO jjlM nan-caspaae inhibitor (z-VAD), and cv\\ surface expression of vimentin (A) and laniin B, (B) wmh assessed in parallel with 
ihe same MimkI donor as ctirarilwl in Materials and Meljiods. The eorrespuudinj; apoptotio rate is illustrated (Q, as assessed i>y measuring the uumlu-r of 
riTC-avmexin-V-jiositive mills. Results :GMean) are means ± 5 EM (n=3). *, P < 0.05, by ANOVA. 



and latin Ei B; expression by inactivating some easpases. It is 
likely that some proteins requiring continuous synthesis are 
those thai: govern easpa.se activity by an as-yet unknown mech- 
anism. It is noteworthy that the role of protein synthesis in 
suppression of neutrophil apoplosis is not limited to LPS or 
cytokines, as dexamelhasone also reportedly inhibited apoplo- 
sis via continuous protein synthesis [37]. The fact thai G-CSF 



and GM-CSF inhibited neutrophil, apoplosis via a protein syn- 
thesis-dependent as well as a protein synthesis-independent 
mechanism indicates the complex mode of action of a given 
molecule inhibiting neutrophil apoplosis [33 1. 

Antivimentin and antilamin H l surface staining is not the 
result of secondary necrosis, as all cytoskeletal proteins tested 
(other than INFIL) are not detected on the neutrophil cell 
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Fi«. 6. Cell surface expression of vimentin ami lamin B T when neutrophil apoplosis is delayed. Neutrophils (10X I(f eells/ml) wore incubated in the present 
of buffer (SA), (;M-t:SF (6S nrfml.}. (,-CSF (50 u^/ml), LPS (! fig/ml), or 11.-4 (100 ng/roL) for 24 b. Cell surface expression was assessed by now cytometry a* 
deserihed in Materials and Methods. Results are from one representative experiment out of at least four. Arrows, Cell surface expression of vimentin and lamin 
F>, in SA. Note the sinking decrease in protein expression when apoplosis is delayed with the- untiapopinuc agents. 
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Fig. 7. Intracellular expression of intermediate filaments when neutrophil 
apoptosis i>-. delayed or aoeelerated. Neutrophils (lOXJ.O 6 i:elWml) were io- 
cuhatird in th'' presence of buffer (ISA) or the antiapoptotio agents li-CSF (50 
ng/Yrdl. OM-CSF us/mi), LPS (i jx-/mi), or IL-4 (100 n^'mt) or with the 
prnapophiiic ;j{:«:rn V'AA-J (.1000 rip/ml) in tin: prrsenee {+) or absr.net: (-) iif 
the paneaspasi- inhibitor z-VAD-fnik. Cell lysates wore: prepared, ami Weal- 
cm Mot i!xpciinu:iilM were performed jjh deserihed in Materials ami Methods 
usinj: the V9 and vimentin, the antilamin B„ or the antivinculin antibodies, an 
detailed in Materials and Method.-.. Results an: from one »:presi:iitativc exper- 
iment out of at least. I birr. /Stilt: thai r;le.-tva$* of vimentin and lamin R, is 
partially reversed by z-VAD-fmk but that the level of protein expression did 
not return to the liasai levels observed in fresh eells. VjnouHn was used to 
illustrate equal loading., as this oytoskeletal protein is not elcaved during SA 
or VA A -l-iriclf m:c:i1 neutrophil apoptosis [1.8]. 

surface by flow cytometry. Moreover, among four different 
aiiti vimentin antibodies, only one detected vimentin on the cell 
surface of apoptotic neutrophils. In addition, cell viability of 
neutrophils was systematically monitored by trypan blue ex- 
clusion. Cell surface expression of vimentin and lamin B, 
appeared lo he a relatively late event during neutrophil apo- 
ptosis, as 14-h aged cells did not significantly express the 
protein on their surface (data not shown). Paradoxically, il: is 
known thai 1NFIL are cleaved relatively early during the 
apoptotic process (few hours), as compared with other cytoskel- 
etal proteins [38|. To ensure that cytoskeletal proteins, other 



than INFIL are not expressed on the neutrophil surface after 
24 h. we verified cell surface expression of paxillin. gelsolin. 
and Vinculin on 44- h aged neutrophils and did not observe any 
of these MFAP, whereas vimentin and lamin B, were still 
detected, and cells were all negative for trypan blue staining 
(data not. shown). 

Recently, it has been demonstrated that vimentin is eitrul* 
jinated during macrophage cell death, suggesting that some of 
its arginine residues are dcirninated to citrulline residues [39 1. 
A few studies have demonstrated thai uitruilinated vimentin is 
found in the serum of rheumatoid arthritis patients |3, 40 1. 
Peptidylarginine deaminase (PADI) is an enzyme involved in 
post-translational modification of peptidylarginine to eitrulline 
in the presence of calcium ions and can change conformation 
and properties of proteins after their citrullination. Expression 
of PAD! was observed in neutrophils from the synovia of 
rheumatoid arthritis patients [41. 42]. In the future, it will be 
interesting to answer whether vimentin (and lamin B t ). de- 
tected on the surface of apoptotic neutrophils, is citrullinatcd. 

Neutrophils can generate tyrosyl radicals after activation 
with phorbol 12-myristate 13-acetatc (PMA). IFN-'y, or tumor 
necrosis factor a [43]. Those radicals act: in an autocrine 
manner by cross- linking to endogenous proteins exposed to the 
medium. As shown by confocal microscopy, tyrosylatcd pro- 
teins were initially located in patches on the eel) surface, 
internalized, and subsequently degraded. It is interesting that 
many tyrosyiated proteins in neutrophils, including vimentin, 
have been identified. It was demonstrated that upon cell acti- 
vation, vimentin was tyrosylatcd slightly, and the carboxy- 
terminal part of the protein was phosphorylated at '110-425. 
The authors suggested that vimentin phosphorylation was a 
requirement for its translocation to the plasma membrane. 
However, they did not demonstrate the presence of vimentin on 
the neutrophil, cell surface. 

Using protein kinase C modulators such as PMA and oka- 
daic acid, it was shown that secretion and surface expression ol 
vimentin were regulated by phosphorylation events in macro- 
phages and in a population of endothelial cells 19, 10 1. The 
implication of vimentin phosphorylation for its cell, surface 
expression on apoptotic neutrophils remains to be investigated. 



Fig. 8. The loss of intracellular intermediate hlei-- 
farm expression is prevented \ty a dr novo prtj- 
lein synthesis-dependent mechanism. Neutro- 
phil* (lUXlO* ei:lls/mi) were ineubaled ft»v 24 h 
with builer (SA) or the antiapoptotic: agents in the 
pivsenoe (4 ) or absence (-) of CHX (2 (Ag/ml). 
Western blot experiments were performed as de- 
scribed in Materials and Methods. Results are from 
one representative experiment out of at h ast i.im:o. 
Not." that i'.ir all antiapoptotie yjients, i.h<- levels v.( 
f:X!irosii«i of v!ffj«:f!tin and SamiM B t are d.i.onrasrd 
in the pr»: st:r.(«: of CHX. The et)rr*sponding. apo- 
pttfdti rsnes, a* as:»*: ssed by eytolojry, are illustrated 
in thr table on iht: ri/ju. 
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However, activation of neutrophils by the aiittapoptotk: agents 
CJff-CSF. G-CSF, LPS. and IL-4, which are known to induce 
|>iiosphorylation events in neutrophils, maintained intracellular 
IN Fit expression, probably via de novo protein synthesis, but 
did not lead to vimeutin and lamin Bj cell surface expression. 
As assessed by immunoblotting, we failed to detect the pres- 
ence of vimentin and lamin B, in the extracellular milieu after 
neutrophil activation with these- agents (data not shown). 

Antil amin B autoantibodies are detected in many autoim- 
mune diseases, including autoimmune liver diseases, rheuma- 
toid anhrltis. and systemic lupus erythematosus fSLE) |"44|. 
Dieu.de et al. [51 have demonstrated that antilamin B autoan- 
tibodies from SUS patients do not bind to the surface of 
apoptotic blebs in Jurkat T cells and human umbilical vein 
endothelial cells. Using eonfoeal microscopy, they demon- 
strated that lamin B was not present on the surface of these 
blebs but rather remains buried within the blebs, rendering 
them inaccessible to external antilamin B. antibodies. How- 
ever, unlike these cells, neutrophils do not form typical blebs 
when they undergo apoptosis. 

Boilard et al. [8j determined the specificity of various anti- 
vimentin antibodies. In their study, they determined that the 
goat polyclonal V4630 anti vimentin antibody recognized the 
rod and tail domain of the protein. They found that rod and tail 
domains of virueutin were exposed on the cell surface of human 
apoptotic T lymphocytes, as the V9 and V4630 antibodies 
recognized the protein on the cell surface. Herein, we demon- 
strated that only the antibody directed against the tail domain 
of vimentin-staiued apoptotic neutrophils, suggesting that un- 
like T lymphocytes, apoptotic neutrophils exposed only a part 
of the tail domain of vimentin on the surface. 

Although we only detected the presence of INFIL on the 
surface of apoptotic neutrophils, we cannot rule out the possi- 
bility that some of the proteins we tested (as well as other 
cytoskeleial proteins) are expressed on the cell surface, as it is 
possible that the antibodies we used in this study may not 
recognize particular epitopes on the neutrophil surface. Al- 
though the antibodies used to detect gelsolin, paxillin, vimen- 
tin (clone V9). and lamin B, are ail directed against the 
carhoxy-terminal end of proteins, only those directed against 
vimentin and lamin B, stained apoptotic neutrophils. 

Xu et al. f 10] suggested that secreted vimentin could play a 
role in mediating the movement of circulating blood ceils 
across the endothelium, a process in which activated macro- 
phages and activated platelets participate. Knowing that cell 
surface and secreted vimentin are involved in various biolog- 
ical functions, it is tempting to speculate that the protein 
exposed on the surface of apoptotic neutrophils could serve as 
an "eat me" signal, helping phagocytes to recognize and ingest 
apoptotic neutrophils, but this remains to be demonstrated. In 
addition, lamin B L could also be involved in this process. As 
previously mentioned, the antilamin B i antibody we used is 
also directed against the oarboxy-termina! part of the protein. 
However, in contrast to vimentin, antibodies directed against 
different parts of lamin B; are not well characterized. In 
addition to the potential role in apoptotic neutrophil elimina- 
tion, neutrophils may represent an important source of cy- 
toskeleial autoantigens for the development of autoantibodies 
directed against cytoskeleial proteins, normally sequestered 



inside the cell at least for the two INFIL proteins vimentin and 
lamin B A . 

The results of this study establish for the first time that 
apoptotic neutrophils express some cytoskeleial proteins on 
their surface. Among different proteins that we have tested, 
including members of the three classes of cytoskeletal fila- 
ments, namely, vinculin. paxillin, and gelsolin (microfila- 
ments), vimentin and lamin B, (INFIL), and a- and p-tubulin 
(microtubules), only those of the INFIL are detected on apo- 
ptotic neutrophils. 
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